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PHASE I REPORT 

SOIL AND GROUND WATER INVESTiGATION 

COAL-TAR DISTILLATION AND WOOp·PRESERVING FACILITY 

ST. LOUIS PARK 

SUMMARY 

The purpose of this report is to summarize the first phase of a study 

to evaluate the impact of the former coal-tar distillation and wood preserving 

facility in St. Louis Park on the soil and ground water systems in the area. 

The general objectives of the overall study are to: 

a. measure the extent of coal-tar derived. wastes in the glacial soils, 

b. measure the effect of these wastes on the ground water systems, 

' 
c. define the interactions between the various ground water systems, 

d. predict future impacts of the waste deposits on the ground water 

systems and 

I e. recommend corrective actions and future studies necessary to solve 

identified problems. 

The work scope of the overall study was divided into two phases so the 

data collected during the early phase could be reviewed and the work scope 

adjusted, if necessary, to effectively meet the study objectives. The purpose 

of this Phase I report is to summarize and interpret the data collected during 

Phase I of the study. After the data collected during Phase I has been reviewed, 

the additional data collection activities necessary to attain the first three 

objectives of the study will be defined and carried out. Concurrently, 

the effect of the wastes on the surficial and bedrock ground water systems 

will be predicted and techniques to mitigate the impact of the wastes will be 

evaluated. 
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Fourteen soil borings were placed during Phase I to collect soil samples 

for chemical analyses and to define the characteristics of the glacial soils. 

Borings were placed in the northern one-half of the site, in areas on the· 

southern portion of the site suspected of being saturated with coal-tar 

derivatives during facility operation, and south of the site in drainageways 

and catchment areas for wastes that left the site. Soil samples•were typically 

collected at 5 foot intervals throughout the soil column and, where visible 

coal-tar wastes were present, samples were often collected at 2-1/2 foot 

intervals. The requirements of the soil sampling program and the nature of 

the soils in the study area required th;H car.e be taken to insure that a 

representative soil sample was collected. 

Soil samples collected from the fourteen borings were visually classified 

and were used to obtain a general idea of glacial soil characteristics 

overlying bedrock in the study area. Glacial soils in the area are character

ized by glacial outwash and ice contact deposits ranging from fine sands to 

coarse gravels. These outwash and ice contact deposits are separated by 

strata of glacial till ranging from fine silty sands to a sandy clay. The 

glacial till strata occurred at different elevations in the soil borings and 

interpreting the location of the till strata between borings is difficult. 

The till was found to be thin in places· and it is possible "that the till 

Strata are missing in some areas. It is also pOsSible ~hat some till strata 

were missed due to the sample collection spacing of 5 feet. 

The chemical analyses of soil samples included measuring the phenolic 

material and benzene extractable material in all soil samples as a gross 

indicator of the relative amount of the coal-tar derived wastes present in 

the samples. The phenolic and benzene extractable concentrations in the soil 

samples for each boring were utilized to draw contours of equal benzene 

extractable concentrations and equal·phenolic concentrations on various geologic 

sections drawn through the study area. In general, the data indicates low 

but still detectable levels of phenolic and benzene extractable material in 

the soil samples collected on the·.northern portion of the site; H"ighes t con-
~ . 

centrations of benzene extractable and phenolic materials were found off the 

site between Walker Street and Lake Street with either low or undetectable.levels 

of phenolic material and benzene extractable material found in samples from 

the single boring placed south of Lake Street. The concen~ration contours 

2 
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indicate a generally increasing concentration of both phenolic and benzene 

extractable material with increasing depth in ·the glacial soils in. a southerly 

and southeasterly direction from the site. 

In addition to the analyses of phenolic and benzene extractable materials, 

eleven soil samples were analyzed using thin layer chromatography techniques 

to determine the presence or absence of polynuclear organic materials in the 

samples. Gas chromatography techniques were then carried out on five of the 

samples to define the concentrations of the various polynuclear organic 

materials that were present. The objective of the thin layer chromatography/ 

gas chromatography analysis was to begin defining the extent to which the 

polynuclear organic materials are moving from the coal-tar wastes identified 

in the various soil borings. The data indicated that polynuclear organic 

materials were present in all eleven soil samples with significantly high 

concentrations present in sand samples collecterl from depths of 32 feet and 

50 feet between T.H. 7 and Lake Street. Greater quantities of polynuclear. 

organics, benz (c }phenanthrene, chrysene and benz (a)p.yrene were found in the 

sand strata than in the underlying till stratabetween T.H. 7 and Lake Street. 

The quantification of polynuclear organic material at depths of 32 and 50 

feet in the soil columns south of the site is one of the significant findings 

of the Phase I study. The data indicates that the polynuclear organic materials 

are concentrated above the till strata and that the polynuclear organic materials 

have moved below the upper till stratum in· the glacial soils south of the site. 

A total of nine ground water monitoring wells were installed during 

the Phase I study. Ground water samples were collected from these monitoring 

wells, from three St. Louis Park City Wells northeast of the site and from 

two industrial wells south and southeast of the site. The water samples 

indicated that detectable phenolics and benzene extractable materials were 

/present in wells located qn the site's south boundary and in wells located 

southeast of the site. No detectable phenolics were found in the City wells, 

in a bedrock well located northeast of the site, in an industrial well located 

south of the site or in glacial drift monitoring· wells located north, west 

and east of the site. 

3 
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The Phase I study of aquifer interactions revealed that the soils in the 

study area exhibit a wide range of water-transmitting capabilities. The 

two pumping tests carried out on the City well field located north of the site 

indicated that the leakage through the confining bedrock aquifer separating the 

glacial soils from the upper sandstone aquifer (St. Peter) was not measurable 

and that the vertical permeability of the bedrock units between the upper. 

sandstone aquifer (St. Peter) and the second sandstone aquifer (Jordan) was 
-6 . 

on the order of 10 em/sec. The data from the two pumping tests was limited 

since the pumping test had to be of short duration, since data was collected 

in the area of the pump test may not be representative of conditions in other 

portions of the study area and due to the somewhat unknown nature of the well 

characteristics. 

• INTRODUCTION 

In November, 1975, Barr Engineering Co. was retained by the Minnesota 

Pollution Control Agency to evaluate the impact of _the former coal-tar dis

tillation and wood preserving facility in St. Louis Park on the soil and ground 

water systems in the area. Specifically, the objectives of the study are to: 

a. measure the extent of coal-tar derived wastes in the glacial soils, 

b. measure the effect of these wastes on surficial and bedrock ground 
water systems, 

c. define the interactions between the surficial ground water system 
and the underlying bedrock aquifers, 

d. predict future impacts of the waste deposits on the ground water 
systems, 

e. recommend corrective actions and future studies necessary to solve 
identified problems. 

The scope of the study was divided into two phases so that the data 

collected during the early phase could be reviewed and the work scope 

adjusted, if necessary, to effectively meet the study objectives. Phase I of 

the study was, therefore, designed to begin defining the vertical and horizontal 

extent of coal-tar wastes in the soils overlying bedrock, the general quality of 

the glacial drift ground water system and the interactions between the glacial 

drift ground water aquifers and the bedrock aquifers. The emphasis of the Phase 

I soil and ground water data collection program was placed on utiliz~ng 

general indicator parameters to broadly define the location and extent of 
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coal-tar wastes in the soil and ground water systems and on carrying out a 

limited number of more detailed analyses to begin defining how the various 

compounds known to be in the wastes are migrating vertically and laterally. 

The following data collection techniques were used to collect the 

information for Phase I of the study: 

a. Soil Borings. A total of fourteen soil borings were used to collect 

soil samples for chemical analysis and to better define the strati

graphy of the glacial soils in the study area.* Representative sub

samples of all soil samples collected from the fourteen Phase I 

soil borings were analyzed for phenolic material and for benzene 

extractable material to broadly indicate the presence of coal-tar 

derived wastes. In addition, eleven selected soil sampies were 

analyzed by thin layer chromatography techniques to qualitatively 

define the presence of polynuclear organic materials. Five of these 

samples were also analyzed by gas chromatography techniques to 

quantitatively measure the concentration of six pOlynuclear organics. 

The soil samples were visually classified to define the stratigraphy 

of the soils in the area. The grain-size distributions of typical 

soil samples collected from the Phase I soil borings were used to 

estimate the permeabilities of the aquifers and confining layers ih 

the glacial soils. 

b. Ground Water Quality Monitoring Wells. A total of nine ground water 

monitoring wells were placed in the glacial soils and shallow bedrock 

in the study area during Phase I. Ground water samples were collected 

from the monitoring wells and from municipal and industrial bedrock 

wells in the study area. The ground water samples were analyzed for a 

*For the soil investigation portion of the study, the term "study area" refers 
to the area within the boundaries of the former·coal-tar and wood preserving 
facility (referred to as the site) plus areas south of the site that received 
runoff from the site. For the ground water investigation portion of the study, 
the term "study area" refers to a larger area including the municipal wells 
located at the City of St. Louis Park's well field at 29th Street and Idaho 
Avenue. 
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number of indicator parameters including phenolics, benzene extract

able material, total dissolved solids and specific conductance. 

c. Aquifer Pumping Tests. The vertical leakage between the lower 

glacial drift aquifer and the St. Petei sandstone and between the 

St. Peter sandstone· and the Jordan sandstone-was semi-quantitatively 

measured. by conducting two short-term aquifer pumping tests at 

St .. Louis Park1 s well field at 29th Street and I"daho Avenue. 

The purpose of this Phase I report is to summarize and interpret the 

data collected during Phase I of the study. The data collected and quality 

control methods used in Phase I of the study are also generally_ summarized in 

this report. Additional details regarding data collection methods can be found 

in the various investigative memoranda that were prepared during the coarse of 

Phase I or in the reports furnished by the subcontracting laboratories included 

in Appendices. A, Band C of this report. After the_ data collected during Phase I 

has been reviewed, the additional data collection activities necessary to attain 

the first three objectives of the study will be defined and carried out. Con

currently with carrying out the additional data collection activities, work will 

be concentrated on predicting the effect of the wastes on the surficial and bed

rock ground water systems and on evaluating techniques to mitigate the impact 

of the wastes. 

SOIL INVESTIGATIONS 

OVERVIEW 

The objectives of the soil investigations carried out in Phase I of the 

study were to: 

a. collected soil samples for chemical· analyses to generally define 

the vertical and horizontal extent of coal-tar-derived wastes in 

the glacial soils, 

b. better define the stratigraphy of the soils overlying bedrock in 

the study area and 
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c. collect soil samples to generally define the permeabilities of the 

aquifers and confining strata in the soils overlying bedrock. 

In Phase I of the stud~ a total of fourteen soil borings were placed at the 

locations shown in Figure 1.* Two soil borings were randomly placed in the 

northern one-half of the site, six borings were specifically placed in areas on 

the site suspected of being ·saturated with coal-tar derivatives auring operations 

at the site and the remaining six borings were placed south of the site in 

drainageways or catchmen~ areas for wastes that left the site during operation 

of the coal-tar distillation and wood preserving faci~ity. The placement of 

Phase I soil borings -·in known or suspected areas of coal-tar waste was selected 

over placement of Phase I borings in a general grid pattern over the study area 

to concentrate the Phase I efforts in areas with the highest subsurface con

tamination potential • 

Soil samples were typically collected approximately every 5 feet throughout 

the soil column at each boring during the Phase I soil investigation. Where 

coal-tar wastes were visibly present, samples were often collected at 2-1/2 foot 

intervals. ·The length of the actual soil sample varied from 6 inches to 18 inches 

depending on the amount of sample retained in the sampler. With the exception 

of Boring 2 and Boring 7, all soil borings were placed to bedrock. A total of 

196 soil samples were collected during the Phase I soil investigation. 

SOIL SAMPLING METHODS 

The requirements of the soil sampling program and the nature of the soils 

in the study area required that a certain amount of experimentation be carried 

out during the early stages of the Phase I soil boring program. The purposes 

of this portion of the report are to summarize the requirements for collecting 

representative soil samples and to summarize the methods used to place the 

soil borings and collect the soil samples. ·The sample collection methods are 

discussed in detail to demonstrate the care used to collect a representative soil 

sample. 

The following five general requirements were identified as being important 

in collecting a representative soil sample for this study: 

*All figures'and tables are included in the section labeled Figures and 
Tables preceding the Appendices to this report. 

7 
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a. The soil sampler must be clean prior to collection of the soil sample. 

b. The clean sampler must be transmitted to the sample colle.ction point 

in a condition that will not contaminate the sample. 

c. Contamination of the soil sample must not occur while the sample is 

still in place. 

d. Contamination of the soil sample must not occur while the sampler is 

being withdrawn from the point of sample collection. 

e. Miscellaneous sources of sample contamination must be minimized . 

A variety of soil boring and soil sampling methods were tried before 

arriving at the method that best satisfied the requirements outlined above . 

The soil sampling procedures used in Soil Borings 1, 2 and 3 utilized a 

standard split-barrel sampler conforming to ASTM D-1586-67. The'boring was 

advanced between sampling points with a hollow stem power auger. The split

barrel sampler was lowered through the hollow stem of the auger to collect 

the soil sample. Prior to beginning each soil boring, the·samplers were 

washed with city water, rinsed with distilled-deionized water, rinsed with 

acetone and rinsed with hexane. In soils with no visual evidence of organic 

material (natural or coal-tar derived), the sampler was washed with city 

water and rinsed with distilled-deionized water after each soil sample was 

removed from the sampler. In organic soils or in· areas where visible coal-tar 

wastes were present, the sampler was washed with city water, rinsed with 

distilled-deionized water, rinsed with acetone and rinsed with hexane after 

each soil sample was removed. Prior to lowering the split-barrel sampler 

to the point of sample collection, the opening at the bottom of the driving 

shoe was tightly plugged with a neoprene plug and the sampler was filled with 

distilled water to keep potentially contaminated ground water out of the 

sampler. The sampler was then lowered through the hollow stem of the auger and 
A 

a soil sample was collected. As the soil sample entered the sampler, the neoprene 

plug was pushed into the sampler ahead of the soil sample. Contamination of 

the soil sample was minimized as the sampler was being·withdrawn by using 

various sampler mod\fications to retain as much of the soil sample as possible 

within the sampler and by minimizing water pressure on the sample. In 

8 
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addition, the following precautions were used to insure that miscellaneous 

sources of contamination were minimized: 

a. Only glass sample containers cleaned with distilled-deionized 

water, acetone washed, hexane-double-rinsed with caps lined· 

with aluminum foil ~ere used. 

b. The drYlling equipment was steam cleaned before beginning the project. 

c. No solvents or greases were used on the auger or drilling equipment. 

d. No smoking was permitted within 100 feet of the work area. 

e. Clean work gloves were used at the start of each day . 

f. Soil samples were frozen at the end of each day and kept frozen 

until analyzed. 

To insure that the soil was not contaminated below the base of the auger, 

no jetting was initially allowed during placement of the boring. Difficulties 

were encountered in keeping the sands encountered in the study area from 

backing up into the auger at depths in excess of 20 feet below the surface 

of the glacial drift ground water system. The back-up of sand into the auger 

precluded the. collection of an undisturbed soil sample from below the auger. 

A number of.techniques were tried to minimize the back-up of soil into the 

auger. These techniques included maintaining the water level in the hollow 

stem of the auger at or above the glacial drift ground water table, advancing 

the auger with a bottom plug and finally jetting with a variety of bits. 

The most troublesome problem encountered with the soil sample 

collection procedure used _on Borings 1, 2 and 3 was SIDil backing 

up into the auger. In fine·· to medium sand, the soil pressure plus the 

water pressure outside of the auger could not be equalized by adding water 

to the inside of the auger. Plugging the hollow stem of the auger was also 

not effective and the degree of jetting that was often found to be necessary to 

clean the auger may have been sufficient to change the chemical concentration 

9 
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of the soil sample prior to collection. To overcome this problem, the 

soil boring procedure was modified as follows and the modified procedure 

was used to place Borings 4, 5 and 7: 

a. A positive pressure at the base of the hollow stem augeor was 

maintained with a bentonite drilling fluid , rather than with water. 

b. The split-barrel sampler was replaced with a thin-wall piston type 

sampler. 

This method was more effective than the previous method ; however, soil 

still often entered the auger at depths greater than 20 feet below the water 

table. In addition, the piston sampler required a great deal of maintenance 

since, due to soil conditions, the sampler had to be driven instead of being 

hydraulically pushed into the soil. 

To overcome these problems, the soil boring procedurewas· further 

modified as follows for the remaining eight soil borings: 

a. The hollow stem auger was replaced with a rotary casing below the 

water table to eliminate the inflow of fine sand through joints 

in the auger. 

b. The piston sampler was replaced with a standard split-barrel sampler 

with an 18-inch long interior brass liner for sampling below the 

water table and with a standard thin-wall sampler for sampling 

above the water table. 

Thin-walls and split-barrel liners were cleaned in the laboratory 

by washing and rinsing several times with clean water prior to being 

transported to the field. Where visible coal-tar wastes were present, the 

thin-walls and liners were rinsed with triethane and alcohol. In the field, 

the split-barrel sampler was washed and rinsed with clean city water after 

each soil sample was collected. 

10 
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Above the saturated zone, a hollow stem auger was used as a casing for 

the sampler. When the saturated zone was reached, the hollow stem auger was 

replaced with 4-inch diameter casing. ''NX" size casing was then lowered 

inside the 4-inch casing and a clean bentonite slurry was added to maintain 

a positive pressure at the base of the casing. The split-barrel sampler 

with brass liner was lowered through the drilling fluid to the sampling point. 

Bentonite filled the sampler as the sampler was lowere~ however, the bentonite 

slurry was forced out of the sampler as the soil sample entered the sampler. 

Based on visual examination of the samples, bentonite was typically not 

present on the sides of the sample and never penetrated more than approximately 

3 inches into the top or the bottom of the soil sample. This observed depth. 

of bentonite penetration agreed with observations reported in the literature(l) .* 
The portion of the soil sample visibly affected with bentonite was not retained 

for analysis. Bentonite contamination of the sample, however, was a concern 

and a chemical analysis of the bentonite slurry from a typical boring was 

carried out. The results of the analysis are discussed in the next section 

of this report. The bentonite slurry and the rotary casing helped prevent 

sand from entering the casing. Fine sands, however, occasionally entered 

the casing even when bentonite slurry was used. Also, coarse sand and gravel 

occasionally collected in the casing as the casing was advanced. Under both 

of these conditions, the casing was cleaned using a tricone roller bit and 

the soilS were removed with the bentonite slurry. The bentonite slurry 

was not recirculated, but was wasted on the ground near each boring. When 

the bentonite. slurry was used, sample retention improved significantly over 

retention when bentonite was not used. 

Ambient air temperatures were sub-freezing during the time this pro

cedure was used. Samples retained in the thin-walls and in the brass liners 

were allowed to· freeze and the samples remained frozen until extracted in 

the laboratory. In the.laboratory, the samples were visually classified 

and immediately transferred to glass containers. The samples were then 

frozen until the chemical analyses were performed. 

* All references are included at the end of the text of this report. 
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GEOLOGIC INTERPRETATION OF SOIL SAMPLES 

The visual classifications and the elevations of each soil sample 

collected during Phase I are illustrated in Figures 2 through 8. No attempt 

has been made to extrapolate soil conditions vertically between soil samples 

in these figure ; however, the data does show that stratigraphy in the area 

is extremely complex with soils ranging from coarse sands and gravels to 

till containing appreciable quantities of silt and clay. In general, 

glaciofluvial sediments, glacial till and lacustrine sediments were revealed 

by the soil borings. At least two types of till were identified, each with 

an associated outwash. 

The following sequence of events likely occurred during the glacial 

period. The Superior lobe advanced from the northeast in a southwesterly 

direction during the St. Croix phase. The termination of the Superior lobe 

is marked by the St. Croix moraine which is partially obscured by younger 

glacial drift in the Twin Cities area. The soil borings in the study area 

indicate that the till associated with the advance of the Superior lobe 

rests either directly on bedrock or over thin granular sediments, possibly 

pre-glacial in origin. The Superior lobe till is generally overlain by 

10 to 30 feet of outwash and ice contact deposits in the study area, with 

boulders and large cobbles frequently encountered in the ice contact deposits. 

Glacial till above the Superior lobe till is associated.with the Granstburg 

sub-lobe of the Des Moines lobe. The Grantsburg ~ub-lobe advanced from the 

southwest to the northeast and terminated northeast of the Twin Cities near 

Grantsburg, Wisconsin. The Grantsburg sub-lobe till is generally covered 

with a relatively thick sequence of outwash and ice contact deposits. A 

generally north-south trending linear deposit of lacustrine sediment occurs 

through the center of the former coal-tar distillation and wood preserving 

facility and extends south of the site, broadening south of T.H. 7. Approxi

mate limits of this deposit are shown in Figure 9. A typical east-west 

geologic section through the glacial deposits across the site is shown in 

Figure 10. 

The soil data in Figures 2 through 9 presents a discontinuous picture 

of the soil column at each boring. In order to help obtain a better_ 
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understanding of the soil stratigraphy in the study area, the borings and 

the glacial history of the area were used to develop six generalized geologic 

sections through the soil borings placed in Phase I of the study. These 

generalized geologic sections should be viewed as a reasonable estimate of 

the stratigraphy of the glacial soils based on the limited data that is 

presently available .. Many more soil borings with continuous soil sampling 

or the application of other geological exploration techniques will be needed . . 
to accurately define the complex soil stratigraphy beneath the site. 

Generalized geologic sections A through F, interpreted from the soil sari•Pli'!S 

and the glacial history of the study area, are shown in Figures 15 through 26. 

The location of the geologic sections are shown in Figures 11 and 12. The 

six geologic sections illustrate the discontinuity and lensing of the soils 

in the study area. Although the glacial till strata are shown as essentially 

continuous on the geologic sections, the borings and soil samples indicate 

that the thickness and composition of the till strata varies considerably. The 

soil samples, for example, indicate that the thickness of the glacial tills 

varies from 6 inches to 15 feet and several till samples were characterized 

by fines in the silt size range with little or no clay size material. 

Because the till was found to be extremely thin in places, it is entirely 

possible that the till strata are missing in places and are not as continuous 

as sho<m on the geologic sections. It is also possible that some till stata 

were missed with the soil sample collection spacing of 5 feet. 

A generalized bedrock column is shown in Figure 13. Bedrock geology 

in the study area consists of a series of nearly 'horizontal sedimentary 

formations. The meager bedrock samples collected at the base of some soil 

borings indicate that the Platteville limestone is typically the uppermost 

bedrock unit. The last sample from Boring 1 included chips of St. Peter 

sandstone; however, it is .not possible to determine if the St. Peter sands.tone 

is actually the uppermost bedrock formation in this area or if a sandstone 

boulder was encountered. The elevation of the last sample from Boring 1 

indicates that the Platteville limestone should be the uppermost 

bedrock unit at this boring. Areas where the St.· Peter sandstone is the 

uppermost unit are, however, known to occur near the study area and these 

buried bedrock valleys are potential areas of increased vertical ground 
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water movement. Areas approximately 1 mile to the north and 1 mile to the 

east have been shown to have St. Peter sandstone as the uppermost unit. More 

information on the buried .bedrock valleys as well as detailed descriptions 

of the bedrock aquifers are discussed in a previous report completed in the 

study area. 
(2) 

CHEMICAL ANALYSES OF SOIL SAMPLES 

In order to help design the chemical analysis portion of the Phase I 

study, two samples of concentrated coal-tar derived wastes were analyzed 

using mass spectrometry gas chromatography techniques. These two samples 

were collected from the northern edge of the storm water storage pond on 

the site during pond construction. Adequate clean-up procedures were not 

used to quantify all compounds in the samples, but the mass spectrometry/ 

gas chromatography analysis revealed the presence of polynuclear hydrocarbons 

in the solid and liquid portions of the samples. The laboratory report of 

the analyses is included in Appendix A of this report. 

Based on prior work carried out in the study area and based on the 

limited results of the analysis of the two concentrated waste samples, the 

chemical analysis of soil samples in Phase I of the study was divided into 

the following two basic programs: 

a. The concentrations of phenolic material and benzene extractable 

material in all soil samples collected during Phase I were measured 

as a gross indicator of the relative amount of coal-tar derived 

wastes present in the soil samples. 

b. Qualitative thin-layer chromatography techniques and quantitative 

gas chromatography techniques were applied to selected soil samples 

to determine the degree to which polynuclear organic materials 

were present in the soil samples. 

Phenolic and Benzene Extractable Analyses 

The level of phenolic material in each soil sample was measured on a 

3 to 5 gram soil sample using the Distillation Chloroform Extraction procedure 

14 



I 
• 
I 

J 
I 

I , 
I 
• I 

' I 
I 
t 
I 

' 
I 
• 
I 
J 

contained.on pages 501 through 506 of Standard Methods for the Examination 

of Water and Wastewater, 13th Edition. An April 20, 1970, memorandum to the 

Minnesota Pollution Control Agency from the Minnesota Department of Health 

concluded that this general method of phenolic determination was adequate 

to measure phenolics discharged in creosoting wastes from the site, ·based 

on a limited amount of comparative testing carried out in the Health 

Department's laboratory. (3) The detection limit for this phenolic analysis· 

procedure was approximately 0.2 mg/kg (wet weight) when applied to the soil 

samples. Benzene extractable material was measured by extracting a 20 gram 

soil sample with benzene in a Soxhlet extraction apparatus for four hours and 

measuring the total weight of material extracted. Except for the use of 

benzene as the solvent, the analytical procedure used to measure the concen

tration of extractable material was the same as the Soxhlet extraction pro

cedure given on page 412 of Standard Methods for the Examination of Waste 

and Wastewaters, 13th Edition. Extracted material was reported in milligrams 

of extracted material per kilogram of sample. The detection limit for the 

benzene extractable analyses was 50 mg/kg (wet weight). 

To measure the concentration of phenolic material.and benzene extractable 

material, a 100 gram sub-sample was taken from each soil sample and the 

sub-sample was quartered to obtain a 25 gram sample. Twenty grams of the 

quartered sub-sample were used in the analysis for benzene extractable 

material and 3 to 5 grams of the quartered sub-sample were used in the 

analysis for phenolic material. 

To obtain the moisture content and, therefore, the dry weight of the 

soil sample, a quarter of the sub-sample was oven dried at 105°C to a constant 

weight. The loss of hydrocarbons by oven drying the samples at 105°C was 

defined by comparing the moisture content obtained by oven drying with the 

moisture content obtained by air drying. As discussed in Appendix B, no 

significant differences in moisture contents were found using the two 

methods. 

Because of the unknown reproducibility of data from the benzene extract

able and phenolic analyses when the analyses were applied to soil samples 

from the study area, replicate samples were analyzed to demonstrate the 
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degree of-data reproducibility. On approximately 10 percent of the soil 

samples, a second quarter of the sub-sample was analyzed for phenolic and 

benzene extractable materials as well as percent solids. The results of 

these analyses are summarized in SERCO Laboratories' report contained in 

Appendix B of this report. In general, the relative standard deviations of 

the percent solids and phenolic analyses were .8 percent and 1 percent, 

respectively, and the relative standard deviation of the benzene extractable 

analysis was 37 percent. Thus, data from the analysis for phenolic material 

exhibited better reproducibility than data from the benzene extractable analysis. 

The influence of the bentonite drilling fluid on the soil samples 

was a concern when the soil sample collection techniques using bentonite 

were introduced. A chemical analysis of a bentonite sample obtained from 

Boring 10 indicated a phenolic concentration of .02 mg/1 and a benzene 

extractable concentration of 24 mg/1. These concentrations were used to 

calculate the effect of saturating a soil sample with this bentonite. Sand 

and gravel would be the soil types potentially most affected by the bentonite 

drilling fluid because of the relatively large pore spaces and permeabilities 

of these soils compared to fine sand, silt and clay. A typical kilogram of 

sand was assumed to occupy approximately 520 cubic centimeters and have 

a porosity of approximately 30 percent. If the sand sample was completely 

saturated with bentonite drilling fluid with a phenolic concentration of 

0.02 mg/1 and a benzene extractable concentration of 24 mg/1, tbe calculated 

concentration-of phenolic material in the soil sample would be .003 mg/kg 

and the calculated concentration of benzene extractable material would be 

4 mg/kg. Both of these concentrations are well below the detection limits 

used in the analyses of these two parameters in this study. 

Discussion of Phenolic and Benzene Extractable Data 

SERCO Laboratories' report summarizing the phenolic and benzene 

extractable concentrations of the soil samples collected for the Phase I 

study is included in Appendix B. The laboratory report.also includes a 

detailed discussion of the analytical methods used to measure the concen

tration of phenolic and benzene extractable materials, the results of the 

replicate sample analyses and the conclusions drawn from special studies 

carried out to develop the analytical procedures. 
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The phenolic and benzene extractable concentrations in the samples 

collected from each soil boring are illustrated in bar graph format in 

Figures 2 through 8. The moisture contents were used to reduce all data 

to a dry weight basis and all concentrations of phenolic and benzene extract

able material presented in this report are in units of milligrams of phenolic 

or benzene·extractable material per kilogram of sample (dry weight) unless 

otherwise noted. Figures 2 through 8 illustrate the changes in phenolic 

~nd benzene extractable materials with depth in each soil column. In general, 

the data indicates that concentrations of phenolic and benzene extractable 

~aterials are detectable in samples collected in the northern portion of the 

site; however, the concentrations are typically lower in the northern portion 

of t~e site than in samples from the southern portion of the site and in 

sru~ples collected south of the site between Walker Street and Lake Street. 

The data also indicates the highest concentrations of phenolic and benzene 

extractable materials are typically present in the upper portions of the 

glacial soils on the southern portion of the site and more generally throughout 

the entire soil column in many areas south of the site between Walker Street 

and Lake Street. In addition, phenolic concentrations between T.H. 7 and 

Lake Street were detected at high levels immediately above two confining 

l&yers approximately 30 and 50 feet below the ground surface. For example, 

bet,;een T.H. 7 and Lake Street, a phenolic concentration of 7.8 mg/kg, and 

a benzene extractable concentration of 1,740 mg/kg were measured in samples 

collected at a depth of 49 feet. These high concentrations are overlain by 

lower phenolic and benzene extractable concentrations as well as by soil s·trata 

with low permeabilities. A detailed discussion of the phenolic and benzene 

exaractable data obtained from soil samples is included in Appendix D of this report. 

In visually classifying the soil samples from the fourteen borings, a 

number of samples saturated with a visible black liquid with a creosote

lil~e odor were noted. The borings which produced soil samples saturated 

with the visible black liquid and the range in depths at which the saturated 

sa~ples were found are illustrated in Figure 14. As shown in Figure 14, 

the soil samples saturated with the black liquid were typically not found 

in borings placed in the northern portion of the site, were collected from 
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the upper· soil strata on the southern portion of the site and were collected 

from increasingly greater.depths south. and so~theast of the site. It is 

interesting to note that the concentrations of phenolic and benzene extract

aole materials in the soil samples saturated with the black liquid varied 

considerably, as shown in Figures 2 through 8. According to laboratory 

personnel, a distinctive black color remained after the samples ~ere extracted 

to a constant weight. 

As discussed previously, a number of geologic sections were drawn through 

the various soil borings placed during the Phase I study. The measured 

concentrations of phenolic and benzene extractable material were plotted 

at each boring location in the vertical position where. each soil sample was 

collected. The chemical data was then used to draw contours of equal benzene 

extractable concentrations and equal phenolic concentrations on each geologic 

section. These contours are illustrated in Figures 15 through 26. Data 

such as the location of till strata, ·the location of coarse granular soils 

and the direction of ground water movement were not used to construct the 

concentrations contours, due to the sketchy nature of the geologic data 

collected to data and due to the desire not to bias thQ chemical contours at 

this time. The concentration contours drawn on the geologic sections indicate 

generally increasing concentrations of both phenolic and benzene extractable 

material with increasing depth in a southerly and southeasterly direction 

from the site. The chemical contour data should be viewed as a means of generally 

interpreting the chemical data collected from the. soil samples to date. The 

contours are most useful in obtaining a general picture of changing phenolic 

and benzene extractable concentrations across the study area. The contours 

must be cautiously used when attempting to define conditions in a specific 

area not adjacent to a soil boring due to the spacing between borings and 

due to the wide variation in phenolic and benzene extractable concentrations 

within the soil profile. 

The phenol and benzene extractable concentrations measured by Soil 

Exploration Company for the City of St. Louis Park in 1975 and 1975(4) 

were compared to the concentration contours and the 1974-1975 data indicated 

close agreement with the data collected in the Phase I study. Data reported 

by Soil Exploration Company from the area south of Lake Street indicated 

that benzene extractable concentrations as high a 1,265 mg/kg and phenolic 
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concentrations as high as 1.3 mg/kg were found in the top 8 feet of soil in 

this area. This soil had been removed and placed in the area between T.H. 7 

and Lake Street prior to the placement of the Phase I boring south of Lake 

Street. 

Thin Layer Chromatography/Gas Chromatography Analyses 

In addition to the analyses of phenolic and benzene extractable materials 

discussed in the preceding section, eleven· soil samples were analyzed using 

thin layer chromatography techniques to qualitatively determine the presence 

or absence of polynuclear organic materials in the samples. Gas chromatography 

techniques were ~hen carried out on five of the samples to quantitatively 

define the concentrations of the various polynuclear organic materials that 

were present. The objective of the thin layer chromatography/gas chromato

graphy analyses was to begin defining the extent to which the polynuclear 

organic materials are moving from the visible deposits of coal-tar wastes 

identified in the various soil borings. 

A total of eleven soil samples collected from Borings 5, 9 and 11 were 

selected for thin layer chromatography analysis. The following paragraphs 

briefly discuss the reasons for selecting soil samples from these three 

borings. 

a. Boring 5 - Boring 5 was located immediately northeast of the new 

storm water storage pond on the site in the area of a former API 

Separator where coal-tar derivatives are known to exist above the 

saturated zone. Coal-tar wastes could be seen seeping from the banks 

of the storm water storage pond during pond construction in late 

1975. A soil sample from the 5 foot depth of Boring 5 with the 

characteristic black color and creosote-like odor was selected for 

analyses by thin layer chormatography techniques. In addition, a 

soil sample collected immediately below the top of the saturated 

zone at a depth of 15 feet and a soil sample collected at a depth 

of 30 feet were also selected for analyses by thin layer chromato

graphy techniques. The two deeper samples did not contain visible 

coal-tar waste. 
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b. Boring 9 - In Boring 9, surface peat and an organic silty clay 

strata overlie a.· zone of sand v:i±sibly saturated with coal-tar 

waste immediately above a till stratum approximately 32 feet below 

the ground surface. A second stratum of sand visibly saturated 

with coal-tar waste was found immediately above a second till layer 

at a depth approximately 48 feet below the ground surface. One 

sample from the overlying peat, two samples from the sa~ds overlying 

the two till layers and two samples from the two till layers were 

selected for analysis using thin layer chromatography techniques. 

c. Boring 11 - Soil samples from Boring 11 did not indicate visible 

saturation with coal-tar wastes between the ground surface and 

bedrock although a creosote-like odor was detected. The till strata 

indicated in Boring 9, however, were also identified in Boring 11, 
and soil samples were selected from the strata wher.e coal-tar wastes 

were present in Boring 9 for analysis by thin layer chromatography 

techniques. 

The eleven soil samples outlined in the preceding paragraphs were 

examined for polynuclear organic materials by Midwest Research Institute 

()ffii) at their Kansas City, Missouri, laboratory. Soils were extracted 

with cyclohexane and the extracts were screened by thin layer chromatography 

·on silica gel. Development with 1.5:1 (v/v) benzene-cyclohexane and visual

ization under long ultraviolet light indicated that polynuclear organic 

materials were present in all samples with the highest concentrations in 

samples from the shallow stratum of Boring 5 and from the two coarse sand 

strata above the till layers in Boring 9. Thin layer chromatography plates 

for five soil extracts were scraped. and reextracted for gas chromatographic 

examination. The polynuclear organics, anthracene, 3-methyl cholanthrene 

and 3, L~, 5, 6-dibenzcarbazole were not identified in any extract; however, 

benz(c)phenanthrene, chrysene, and benz(a)pyrene were measured in some 

soil samples. Several unassigned peaks on the gas chromatograph traces 

indicated notable quantities of other polynuclear organic material that could 

not be identified with standards available at MRI. The results of the thin 

layer chromatography and gas chromatography study as well as the phenolic 

and benzene extractable concentrations measured on the eleven soil samples 

sent to MRI are summarized in Table 2. 

20 



I • 
I 
I 
I 
4 
l , 
I 
• 
I 
I 
I 
~ 

, 
I 
l 
I .-
1 ,_ 

The results of the thin layer chromatography and gas chromatography analyses 

as well as the ~henolic and benzene extractable concentrations measured on the 

eleven soil samples sent to MRI are summarized in Table 2. The data indicates 

that polynuclear organic material was present in all eleven soil samples with 

significantly high concentrations present in the visibly contaminated soil 

samples at depth in Boring 9 and from the surface of Boring 5. The soil samples 

that include the letters A and B.from Boring 9, are.samples where the coarse 

sand-till interface was actually present in the sample. Samp1es SS-109B-l 

and SS-109A-2 were collected from the coarse sands overlying the till strata 

and samples SS-109A-l and SS-109B-2 were collected from the till strata under

lying the sands. Much greater quantities of benz(c)phenanthrene, chrysene 

and benz(a)pyrene were found in the sands overlying the tills than in the tills 

themselves. Chrysene measured in the coarse sand overlying the till at a depth 

of 50 feet in Boring 9 was 474.5 ~g/gm, and benz(a)pyrene was measured in 

the same soil sample at 6.9 ~g/gm. Both of these compounds were below the detec

tion limits in the till stratum underlying this sample. Benz(a)pyrene and 

chrysene were also detectable in the coarse sand stratum at a depth of approx

imately 32 feet overlyinp, the upper till stratum in Boring 9. Concentrations of 

these two compounds were also below the detection limits in the till underlying 

this sample. 

Midwest Research Institute's report, including a discussion of analytical 

procedures, a summary of results and appendices containling the thin layer 

chromatographic screens and the ga6 chromatograms of the quantified extracts, 

is included in Appendix C of this Phase I report. The quantification of poly

nuclear organic materials deep in the soil column south of the site is one of the 

most significant findings of the Phase I study. The data indicates that the poly

nuclear organic materials are being concentrated above the till strata and that 

polynuclear ogranic materials have moved below the upper till stratum in the 

glacial soils. 

GROUND WATER INVESTIGATIONS 

OVERVIEW 

Available data regarding ground water gradients and ground water quality 

in the study area was collected almost entirely from the large number of mun

icipal and industrial bedrock water supply wells existing in the area. Vir

tually no reliable data is available on surficial ground water gradients or 0n 

ground water quality in the study area. The ground water investigation 
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carried out· during the Phase I study concentrated on defining the gradients 

and quality of the surficial ground water system. Nine shallow ground water 

monitoring wells were placed over the study area and were used to collect 

data on ground water levels and to collect ground water samples. The 

samples were analyzed for various parameters including phenolics, benzene 

extractable material, specific conductance and total dissolved solids that 

will generally indicate the ·effect of the coal-tar wastes on the' quality of 

the surficial ground water system. A limited number of samples were also 

collected from existing mu~icipal and industrial water supply wells in the 

study area to generate additional data on the level of indicator parameters 

in the bedrock ground water aquifers. 

PLACEMENT OF MONITORING WELLS 

The locations of the nine ground water monitoring wells installed during 

~he Phase I study are shown on Figure 27. Three of these wells are located 

on the site'and six wells are located around the site with two tiers of wells 

located to the south. The monitoring wells are constructed according to the 

Procedures outlined in the Minnesota Water Well Construction Code except that 

the wells were not chlorinated after development. Each well is constructed of 

4-inch diameter black steel pipe with 4 feet of stainless steel well screen. 

-~ cross-section through a typical Phase I monitoring well is shown in Figure 28. 

The elevation of the· top of the well, the elevation of the bottom of 

the Hell screen and pertinent data regarding the soils encountered during 

well placement are summarized in Table 2. Since the Phase I study concentrated 

on defining the ground water quality and ground water gradients in the upper 

portion of the surficial ground water system, the well screens terminated 

in the first glacial drift aquifer capable of supplying 3 to 5 gallons per 

minute. With the exception of Well 1 and Well 7, all wells are believed to 

be constructed above the first major glacial till stratum. Well l extends 

approximately 5 feet into the Platteville limestone since an aquifer capable 

of supplying 3 to 5 gallons per minute was not found above bedrock. Well 7 

terminates approximately 70 feet belmv the ground surface since no aquifer 

capable of supplying 3 to 5 gallons was encountered above that depth. The 

screen for Well 7 is placed below the upper glacial till stratum. 
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GROUND WATER DATA 

Hater levels in the nine wells were measured on March 25 and on May 6, 

1976. Water levels measured on March 25 are illustrated in Figure 29 and 

water levels measured on May 6 are illustrated on Figure 30. The ground water 

levels indicate that the surficial ground water gradient in the study area 

is quite flat with a slight southerly gradient. Ground water movement in 

~he glacial soils on the southern portion of the site and south of the site 

appears to be influenced by the bedrock aquifer pumping center located near 

the intersection of Lake Street and T.H. 7, east-southeast of the site, 

Ground water samples were obtained from eight of the nine ground water 

1nonitoring wells during April, 1976. A ground water sample could not be 

obtained from Well 3, located on the northern portion of the site, since 

the well was destroyed during grading in the area. This t.iell has since 

been replaced and was sampled on May 13, 1976, but the data was not available 

for the Phase I report. In addition to the eight ground water monitoring 

wells, samples were also collected from St. Louis Park City Wells 1, 3, and 

10 (C\-1-1, CW-3 and CW-10 on Figure 27) located at the City's well field at 

29th Street and Idaho Avenue, from the Flame Industries well and from the 

aidco Register well (formerly Robinson Rubber Co.). The locations of these 

municipal and industrial wells are also shown on Figure 27. 

The Phase I ground water monitoring wells were pumped with a submersible 

pump for a 2-hour period prior to collecting the water samples. Samples for 

phenolic analysis were collected in 1 liter glass containers and preserved 

with 5 ml of 1+9 H
3

Po
4 

and 5 ml of 10 percent Cuso
4

. Samples for analysis 

of benzene extractable organics were collected· in 1-1/2 liter glass containers 

that had been washed and freon rinsed. Duplicate phenolic and benzene 

extractable samples were collected from all wells. One set of samples was 

delivered to SERCO Laboratories for analysis and the set of duplicate 

samples was refrigerated at 4°C at Barr Engineering Co. 

The samples were analyzed for total dissolved solids, hardness, alkalinity, 

specific conductance, phenolics, and benzene extractable material. The 

analysis for phenols was carried out using the Distillation Chlorofo~m 
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Extraction Procedure as contained on pages 501 through 506 of Standard 

~!ethods for the Examination of Water and Wastewaters, 13th Edition. 

Benzene extractable analysis was performed using the Oil and Grease procedure 

contained on page 254 of Standard Methods, 13th Edition,· with benzene as the 

extracting solvent. The methods used to prepare and analyze the samples 

are summarized in Appendix B. The quality control information for phenolics, 

hardness and alkalinity are also included in Appendix B. 

1be chemical water quality data obtained from the analysis of the water 

samples is summarized in Table 3. The cbncentration of benzene extractable 

material measured in the sample from Phase I Well 6 and the phenolic con

centration measured in the sample from the Midco Register well could. be 

anomalous values, when compared with the results of other data from the Phase I 

study and when compared with concentrations measured by the Minnesota 

Department of Health during 1974. Phenolic analyses carried out on the dupli

cate sample from Well 6 and from the MidcoRegister ·well, however, were in 

good agreement with the initial values as shown on Table 3. The duplicate 
. ' benzene extractable samples from Well 6 and from the Midco Register well 

were also analyzed. The reanalysis indicated a benzene extractable con

centration of 4 mg/1 in the duplicate sample from Well 6, which does not 

compare well with the concentration of 14 mg/1 measured in the initial 

sm~ple. Reanalysis indicated a concentration of 1 mg/ 1 in the duplicate 

sample from the Midco Register well which is in close agreement with the 

initially measured concentration of 2 mg/1. 

The following preliminary conclusions can be made regarding the data: 

1. Detectable phenolics were found in samples from the Phase I 

monitoring wells 5, 6 and 9 and at the Midco Register well. These 

four wells are located either on the south site boundary or southeast 

of the site. No detectable phenolics were found in the Platteville 

well located northeast of the site, in Well 7 located in the glacial 

drift aquifer below the first glacial till stratum west of the site, 

in Well 2 in the upper glacial drift aquifer directly north of the 

site, in Well 8 directly south of the site, in Well 10 south of the 

Chicago & Northwestern Railroad, in the Flame Industries we+l or in 
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the City wells. The detectable phenolic concentrations, in general, 

corresponded with the general surficial ground water gradients 

discussed in the preceding paragraphs. 

2. Detectable benzene extractable material was found in Phase I 

monitoring wells 2 ," 5, 6, and 9 and in the Mid co Regist~r well. 

With the exception of Phase I Well 2, which indicated a benzene 

extractable organic concentration above the detection limit but a 

phenolic concentration below the detection limit, all wells indicating_ 

detectable phenolic concentrati6ns also indicated detectable benzene 

extractable concentrations. 

3. The general ground water quality data indicates that the specific 

conductance of ground water in the sands and gravels above the upper 

till stratum in the study area is generally greater than 1,000 ~mhcycm 

while the water in the bedrock aquifer and in the glacial drift 

aquifer below the upper glacial till stratum .typically exhibits a 

specific conductance below BOO ~mho/em. 

AQUIFER INTERACTION INVESTIGATIONS 

OVERVIEW 

The :;lacial soils in the study area are characterized by a complex 

system of glacial till, outwash and ice contact deposits with little con

sistent pattern to the aquifers and aquitards. Bedrock in the study area, 

on the other hand, is characterized by a series of nearly horizontal aquifers 

separated by aquitards. Characteristics of the bedrock aquifers are typically 

better defined in the literature than are the characteristics of.the bedrock aqui

tards. The major aquifers present in the study area are the St. Peter, the 

?rairie-du-Chien-Jordan and the Mt. Simon-Hinckley. Several aquifers of smaller 

potential yield are also present, notably the Ironton-Galesville formation, the 

Platteville limestone and the water bearing glacial outwash and ice contact 

r\eposits in the glacial drift. Confining beds of interest in the study area are 

the confining members of the St. Lawrence and Eau Claire formation, a silt5tone

to··shale unit near tho. l:Jase of the St. Peter sandstone, the Glenwood shale 
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between the Platteville and St. Peter formations and the Superior lobe and 

Grantsburg sub-lobe glacial till strata. 

The objective of the Phase I study of aquifer interactions was to define 

~nformation on aquifer interactions available in the l~terature and to conduct 

simple pumping tests and other techniques to measure the ability of aquitards 

to transmit ground water. The primary emphasis of the Phase I investigation 

:!.nto aquifer interactions was, therefore, placed on collecting available 

data from the literature, broadly defining the vertic"l ·xcho.nge of ground 

.water through the bedrock aquitards using the City's existing well field at 29th 

Street and Idaho Avenue and estimating the permeabilities of the glacial 

Goils using soil samples collected from the Phase I soil investigation. 

The following paragraphs summarize known characteristics of the aquifers 

~n~ aquitards present in the area, the various aquifer pumping tests performed 

in the Phase I study and the estimated permeabilities of the glacial soils. 

GLACIAL DRIFT CHARACTERISTICS 

The glacial drift aquifers are separated by the glacial tills from the 

Superior lobe and Grantsburg sub-lobe. The relationship of the glacial till 

strata and the outwash and ice contact deposits are complex and are discussed 

and illustrated in the section of this report summarizing the Phase I soil 

investigations. 

Grain-size distributions were measured from ten soil samp}es representa

cive of the various soil types found in the glacial soils in the study area and 

~ollected in the Phase I soil investigation. Figures 31 through 40 illustrate 

the grain-size distribution of these ten soil samples. The soil descriptions 

included 'I:Vith the grain-size distribution diagrams ar.e. based on a visual 

classification of the soils. Permeabilities for each soil sample, are also 

shown on the grain-size distribution diagrams. Permeabilities for the granular 

soils were computed from work by Hazen and permeabilities for the glacial tills 

were estimated from data reported in the literature. (S) 
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The grain-size distributions show that the glacial outwash and ice 

~ontact deposits range from a fine sand to a coarse gravel. This variation 

represents a potential range in permeabilities of approximately four orders 

of magnitude. The grain-size distributions also show that the glacial tills 

range from fine silty sand to a sandy clay which represents a range of 

perraeabilities of approximately three orders of magnitude. Thus~ the range 

of permeabilities in the glacial soils is approximately seven orders of 

Y!!aznitude from permeabilities of approximately 10 em/sec for the coarse gravels 

tu permeabilities of 10-6 em/sec for the sandy clays. The location of the 

soil samples and permeabilities of the soils estimated from the grain-size 

distributions are summarized in Table 4. 

One ground water monitoring well (Well 1) installed in the Phase I 

study, terminated in the Platteville limestone. Water levels in this well 

L1dicate that approximately 10 feet of head differential exists between the 

upper glacial drift ground water system and the piezometric level in the 

Platteville.limestone in the area of Well 1. 

BEDROCK CHARACTERISTICS 

The characteristics of the bedrock aquifers and aquitards in the study 

area "ere defined by conducting two pumping tests designed to obtain quali

tative estimates of the leakage through the Glenwood shale into the St. Peter 

sandstone and the vertical permeability of the formations overlying the 

St. Peter sandstone, in particular the siltstone unit at the base of the 

St. P~ter sandstone. No estimates of vertical permeability of the Glenwood 

shale .or the siltstone unit at the base of the St. Peter sandstone could be 

found in the literature. 

Reported transmissivities for the St. Peter sandstone range from 20,000 

gpd/ft. to 40,00 gpd/ft. ( 6) ( 7) and a storage coefficient of approximately 

1 x 10- 4 for the St. Peter sandstone was reported. ( 7) Transmissivities for 

the Jordan sandstone (excluding the Prairie-du-Chien group) range from 

14,000 gpd/ft. to 80,000 gpd/ft., with an average value reported as 44,000 

gpd/ft. (G) Reported storage coefficients for the Jordan sandstone range 

from 1.2 x 10-4 to 8.3 x 10-S with an average value of 7 x 10-5 . (6) Reported 

transmissivities for the Prairie-du-Chien-Jordan range from 37,000 gpd/ft. to 

193,000 gpd/ft., indicating the variable water transmitting characteristics 

of the Prairie-du-Chien group. (6) 
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Available well drilling logs indicate that St. Louis Park Wells 1, 2 

and 3 either partially or fully penetrate the.siltstone unit near the base 

of the St. Peter sandstone. In order to collect background data on piezo

metric fluctuations, pumping from these three wells was stopped on April 12, 

1976, and the water levels in the three wells were monitored for background 

fluctuations. The maximum short duration fluctuation (1 to 2 hours) in 

\<a ter level was less than 2 inches. 

On April 21, a pumping test was conducted on St. Louis Park Well 3 

to qualitatively define the leakage characteristics of the Glenwood shale 

above the St. Peter sandstone. Well 3 was pumped at 660 gpm between 10:30 

a.m. and 12:30 p.m.; the remainder' of the time the well was shut-off. Water 

level measurements were taken before the start of pumping, during pumping 

and after pumping had ceased. The water level hydrographs during the recovery 

portion of the pumping test closely matched the water level hydrographs 

::>easured during drawdown. The data collected in the pumping test was used 

the storage coeffici~nt of the St. Peter to calculate the transmissivity and 

sandstone, using a graphical method 
. (8) . 

suggested by Boulton for an aquifer 

with fully penetrating wells and const~nt discharge. conditions. The data 

from the St. Peter pumping test best matched the non-leaky artesian type 

curve, indicating that the St. Peter is not being substantially recharged 

by leakage from the Glenwood shale in the area of the pumping test. The 

data collected in the pumping test was then plotted on semi-logarithmic 

graph paper and was analyzed using the modified non-equilibrium method 
(9) 

suggested by Cooper and Jacob. The value of the storage coefficient 

obtained in this analysis (9 x 10-5 ), indicated that the aquifer is confined, 

and the transmissivity (18,000 gpd/ft.), obtained using the modified non

equilibrium method, seems to support ·the conclusions· reached by the data 

from the pumping test. Although leakage and the resulting vertical permeability 

of the overlying Glenwood shale could not be quantitatively determined using 

the data generated in the pumping test, leakage from the Glenwood shale to 

the St. Peter sandston~ appears to be quite low in the area influenced by 

the well field at 29th Street and Idaho Avenue, since the data fit the non

leaky type curves . 

The results of this pumping test are 14 mited since: 
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a. the duration of the pumping test may have been too short to measure 

a small amount of leakage through the confining strata, 

b. the pumping test is representative of only a small area and may 

not be representative of conditions in other portions of the study 

area, 

c. the actual construction of the wells may differ from the description 

in the well logs. 

From April 12 to April 21; the St. Peter wells in the well field at 29th 

Street and Idaho Avenue were shut off in order to conduct a pumping test on 

the Jordan sandstone. St. Louis Park Well 15 is cased and grouted to the 

top of the Jordan formation and·open hole through the Jordan. From April 12 

to April 15, Well 15 was pumped at 950 gpm and a recovery type Jf pumping 

test was carried out on April 15 and 16. Well 15 was shut-off at 9:00 a.m. 

on April 15, and remained off until 9:00 a.m. April 16. This 24-hour period 

·.;.;as the longest the well could be shut down. Water levels were recorded 

in the Jordan and St. Peter wells before the pump_ was shut off and 

for 2lf-hours thereafter. The data was plotted on log-log graph paper and 

fitted to curves for a leaky artesian aquifer with fully penetrating conditions. 

This analysis indicated a transmissibity of approximately 14,000 gpd/ft. and 

a vertical permeability of approximately 1 x 10-
6 

for the overlying Prairie

:ln-Chien group and St. Peter formation. Attempts were made to fit the data 

to curves based on other boundary conditions such as non-leaky artesian and 

leaky artesian without water release from storage in the aquitard; however, 

ir. all cases, reasonable results were not obtained for either the trans

missivitv or stora~e coefficient in the Jordan sandstone. The data from 

this pumping test is similarily limited, due to the same reasons listed for the 

St. Peter pumping test; however, the pumping test data indicates that a 

measurable vertical leakage is occurring into the Jordan sandstone in the 

area near the 29th Street and Idaho Avenue well field. 
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